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"Vehlclo Su anenston Control 
Reld of the Invention 

Thte invention relates to a vehicte suspension oontrol whioh is intended to control 
the suspendon system of vehicle. 

9 Background Art . 

Conventional vehicle suspension systems are generaliy passive and usually 
comprise metallic coH springs supplemented liy hydrauOc shock absorbere that 
provide a damping funcHon. The suspen^n systems are generally used to 
smooth out vehicle ride action over rough or uneven terrain. In gene(«i the 

10 vehfcde fcllovws the oontoure of the road and as a result the attitude or departure 
of the vehicle chassis from the hort»ntal is a (iinctton of the iocatians of the Ibur 
wheels supporting the tihassis. Therefore If a wheel drops Into a pot hole or 
rides up on a high point then the vehicle wffl tend to follow the same path. The 
perlbrnianee of 1h© conventional style of suspension can be optimised for either 

16 ttie road (smooth terrain) or off-road (uneven terrain) but not both. Off road tfie 
vehicle perfontiance is generaliy compromised and safe efiiacHve speeds are 
constrained because of the nature of the suspension system. 

Disclosure of the Invention 

The present invention Is directed to an acfive suspension system whkti utilises 
20 sensors associated wMh the v^tole and a oonfroner which reacts to the sensor 
value and provides sigiels to suspenskin units of the vehicle in order to provide 
positive oontrol over chassis dynamics. 

Throughout the spedflcaOon the term fluid shall be take to include compressible 
fluids such as gaseous fluids. 

2S Accordingly the invention reside In a vehlde suspanskm oontrol for a vehtele in 
which each wheel is supported finom the chassis of the vehicle through a fluid 
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operated extension element which can cxmtrol a degree of relative displacement 
between the wheel and the chassis, the e;«tsnslon element enabling the resilient 
r^ative movement between the vehicle and cheesis saW control comprising: 

a oontrcriier; 

5 a piuralit/ of sensors associated virtth each wheel of the vehicle: 

a fluid flow controller comprising a fluid flow delivery means and a fluid 
^aust means associated with each extension element; 

a flret sensor adapted to sense the relative position between the wheel 
and the chassis and pro^e a first output tot the oontrDllen 

10 a second sensor adapted to sense the pressure of the fluid in each 

extension element and provide a second output to the controller; 

the controller adapted to raoelve the output from wioh of the sensors at 
each wheel, process the outpute and provide a wheel output to the fluid 
flow controller for each wheel to control the delivery of fluid or the 
15 exhaustion of fluid from respective extension element whereby the fluid 

pressure within each extension element Is vaited In order that the force 
applied by the esrtenslon elements between the chassis and wheels wHl 
msrintain tt» attitude of We chassis to a plane substantially constant 

According to a prefterred future of 1h© invention the plane comprises Hie general 
20 plane of the ground being traversed. 

According to a preferred feature of the invention the vwheel output for each v»fheel 
comivlses a signal derived firom the flrsl output of each of the sensore of the 
rospecHve whed together with the first output from the sensors of adjacent 
wheels. According to one embodiment the adjacent wheels comprise a wheel 
25 which Is most adjacent along the transverse axis of the diassis and a wheel 
which is most adjacent along a longitudinal axis of the (Cassis. 
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Acoording to a prefennBd feature of the invention Ihe c»ntrDller comprises a third 
sensor provided on the chassis and adapted to provide a third output which is 
representative of the movement of the diassis in the vertical sense over the 
ground relattve to free space. According to a prBfanred faature of the invention 
5 the controiler comprises a fourth sensor adapted to provide a fourth output 
representaflVB of Vne lateral aoc^eratior) of the chasds- According to a preferred 
feature of the invention the controlier comprises a fifth sensor adapted to provide 
a fifth output representative of the steering angie of the steering wheels. 
According to a prefened feature of the Invention the controller comprises a sixth 
10 sensor adapted to provide a sixth output representative of the speed of the 
chassie over Uie ground. 

According to a preferred filature of the invention the wheei output signal for a 
whed comprises a summation of the fftet output from the flr^ sensor of the 
respecnve wheel, the flrsl output from the first sensor of each of the adjacent 

15 wheels, the second output from the second sensor of the respective wheel. 
According to a prefsnned feature of the invention the weighting applied to the first 
output of the respective wheel and the first output of each of the adjacent wheels 
is of the order of 2:1 . According to a furBier prefened feature of the invention the 
controller includes an acUustat>le control connected to the controller which 

20 provides a control signal which can be adjusted to vary the weighting or bias 
applied to the first outputs from each of the first ser^sors In determining the wheel 
output to control the penfnrtled degree of change in attitude of the chassis relative 
to the plane. According to a preferred embodiment of the invention the 
summation of the firet signals Is biased by the contTDl signal before the second 

25 signal is included to produce a resultant signal. According to a preferred feature 
Of the Invention the weighting applied between the resultant signal and the 
second signal Is of the order of 10:1 In dertving the wheel output 

According to a prefenred fbature of the Invention the adjustable control provides a 
control signal comprising a pitch control, a roll control and a height control 
30 component According to a preferred feature of the invention the control signal 
comprises a first control signal which Is set to control the height of the ohassls 
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relatlve to the wheels. According to a preferred feature of the fnvenfion the 
control signal comprises a second control signal which is set to oontrof the 
pemtmed degree of roll of the chassis relative to the plane. According to a 
prefbned feature of the invention the control signal comprises a third control 
5 signal which is set to control the permitted degree of pitch variation of tihe chassis 
relative to the plane. 

According to a prefemed feature of the Invention the controller can include a 
gyroscopic device adapted to provide a signal Indicative of the horizontal plane. 
According to a pretended feature of the Invention the plane can be varied In Its 
10 inclination 

According to a lurther aspect of the invention the invention resides In a damping 
control for a vehicle oompris'arig a fluid operated damper between each wheel 
and the chassis each damper being capable of providing a variable degree of 
damping, each damper being controlled by a damper contml, the control 

16 comprising the set of first sensors which provide a first output indicative of the 
relative posftion betsween fiie wheels and the diassls and a set of third sensors 
adapted to provide a third output Indicative of the relative motion between the 
Wheels and the chassis, flie control further comprising a second control which 
receives the signal from the first and third sensors for each wheel, said second 

20 control providing a damping output to the damper control of each damper to vary 
the degree of damping applied by the damper In proportion to the third output 
v^araln the signal from the third sensor Is allowed or inhibited by the relative 
motion output of the first sertsors. 

The effect of the damper control is such that if wheels are moving toward the 
25 chassis and tine chassis is experiencing upwards acceleration then no signal is 
provided to the damper, however if the wheels are moving avray from the 
chassis and the chassis is experiencing upwards acceleration then the signal to 
the damper is enabled. In the event that the wheels are moving toward the 
chassis and the chassis is experiencing downwards acceler^ition then the s'^nal 
30 to the damper is enabled, however if the wheels are moving away fifom the 
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chassis and the chassis is experiencing downwards acceleration then no signal 
fs provided to the damper. . 

Aoooiding to a preferred embodcnnent of ffie Invention the chaosis will maintain a 
constant attitude relative to the general ground plane. 

5 According to a preferred embodiment of the Invention the chassis will maintain a 
constant attitude relative to the horizontaL 

According to a preferred feature of the invention the Invention comprises a 
vehicle suspension control of the form described above together with a dannper 
control of the form described above where the first sensor arKl the first output 
10 and the third sensor and the third output of the vehicle suspension oontrdi 
comprise the first sensor and the first output and the third sen$or and the third 
output of the damper control. 

According to a furOier aspect of the present invention there is provided a 
suspension systern for a vehicle comprising a chassis and at least front and rear 

15 axles supporting wheels for rotational movement wherein said suspension 
system comprises resilient support members to provide resilient support for each 
of said wheels from said chassis which aaid resilient support members are 
controllable by a controller to vary relative displacement between each said 
wheel and said chassis and wherein said omtroller receives control signals from 

20 sensors operatlvely associated with said suspension system to provide signals 
indicative of relative displacement between each said wheel and said chassis 
and wherein In response to said signals said controller provides a control signal 
to each said resilient support member to thereby control said relatjve 
displacement between each said wheel and said chassis so as to maintain the 

25 attitude of said chassis substantially parallel with a plane of average axle 
articulation v^erein said plane of average axle articulation comprises a plane 
bisecting an included angle fonmed between first and second planes wherein 
said first plane is a plane passirtg through said ftont axle of said vehicle and said 
second plane Is a plane passing ttirough said rear axle of said vehlde. 
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